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TITLE: SCRIBE LANE FOR GETTERING OF CONTAMINANTS ON 

SOI WAFERS AND GETTERING METHOD 



The present invention generally relates to making silicon-on-insulator (SOI) 
semiconductor wafers, and in particular to a gettering method for use with an SOI 
wafer. 



Recently, SOI wafers increasingly have been used in very-large scale 
integration (VLSI) or ultra-large scale integration (ULSI) of semiconductor devices. 
An SOI wafer typically has a layer of silicon on top of a layer of an insulator material. 
In an SOI integrated circuit, essentially complete device isolation may be achieved 
using conventional device processing methods by surrounding each device, including 
the bottom of the device, with an insulator. One advantage which SOI wafers have 
over bulk silicon wafers is that the area required for isolation between devices on an 
SOI wafer is less than the area typically required for isolation on a bulk silicon wafer. 

SOI wafers offer other advantages over bulk silicon technologies as well. For 
example, SOI wafers offer a simpler fabrication sequence compared to a bulk silicon 
wafer. Devices fabricated on an SOI wafer may also have better radiation resistance, 
less plasma-induced damage, and less cross-talk than devices fabricated on bulk 
silicon wafers. 

Devices within integrated circuits are very sensitive to the presence of even 
minute concentrations of some impurities. For example, metals, such as copper, 
nickel, silver, gold, or iron, within the active region of a device typically degrade 
several device characteristics, including leakage current and oxide breakdown voltage. 
These and other metals rapidly diffuse through bulk silicon at temperatures typical of 
semiconductor device fabrication processes. Most all the transition metals have been 
reported as possible contaminants. Such impurities in the active region of the SOI 
wafer migrate out of the active region more slowly than they migrate in bulk silicon 
because the insulation region tends to retard impurities in the active layer from 
diffusing into the bulk silicon beneath the insulation region. Some impurities which 
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have migrated to, but have been retarded by, the insulation region may re-migrate into 
the active region during subsequent processing steps. Accordingly, SOI wafers are 
subject to device and reliability problems caused by the presence of impurities that 
remain in the active regions. 
5 Methods of gettering a silicon substrate are well known. Gettering is used to 

remove impurities or contaminants from regions of the circuit where their presence 
would degrade device performance. It is desirable to reduce the presence of such 
impurities or contaminants in the active regions in order to reduce, for example, 

t\) reverse junction leakage, improve bipolar transistor gain, and increase refresh time in 

£{) 10 dynamic metal oxide semiconductor (MOS) memories. 

i In the manufacture of SOI integrated circuits from an SOI wafer, one of the 

Jj| final process steps is to dice the wafer, which contains many dies in an array, into a 

U plurality of individual dies. In order to perform the dicing step, the wafer is divided 

^ along portions of the wafer commonly referred to as dicing rails, saw lanes or scribe 

It! 

I'**. 15 lanes. When the dicing step is performed on an SOI wafer, a portion of the scribe lane 

14 remains at the perimeter of each newly separated die. The scribe lane area is available 

U 

\, t h for formation of gettering sites into which contaminants resulting from cutting, 

packaging and/or aging may be gettered. Prior art scribe lane gettering methods, such 
as that of U.S. Patent No. 6,093,624, relied upon gettering into strain areas formed in 

20 the silicon active layer of the SOI wafer when LOCOS areas were formed in the scribe 

lanes. However, this method provides only small gettering areas of uncontrolled size. 
In addition, such gettering sites may not effectively trap impurities, allowing the 
impurities to re-migrate to the active regions. Thus, a need remains for a scribe lane 
gettering method which provides a significantly increases quantity and quality of 

25 gettering sites. 

Summary of the Invention 

A method of gettering of the active regions of semiconductor devices formed 
on SOI wafers is the subject of this application. In one embodiment, the present 
invention relates to a method of manufacturing a semiconductor device on a silicon- 
30 on-insulator wafer including a silicon active layer having at least two die pads formed 

thereon, the at least two die pads separated by at least one scribe lane, including the 
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steps of forming at least one cavity through the silicon active layer in the at least one 
scribe lane; forming at least one gettering plug in each said cavity, each said gettering 
plug comprising doped fill material containing a plurality of gettering sites; and 
subjecting the wafer to conditions to getter at least one impurity into the plurality of 
gettering sites. 

In one embodiment, the fill material is polysilicon. In one embodiment, the 
dopant ions are selected from phosphorus, arsenic, antimony, bismuth, boron, 
aluminum, gallium, indium, helium, neon, argon, krypton, xenon and germanium. 

In another embodiment, the present invention relates to method of gettering 
impurities on a silicon-on-insulator wafer including a silicon active layer having at 
least two die pads formed thereon, the at least two die pads separated by at least one 
scribe lane, including the steps of forming at least one cavity through the silicon active 
layer in the at least one scribe lane; filling the cavity with a fill material; adding at 
least one dopant to the fill material to form at least one gettering plug including a 
plurality of gettering sites; and subjecting the wafer to conditions to getter at least one 
impurity into the plurality of gettering sites. 

In accordance with the foregoing methods, the gettering step results in 
movement of gettered impurities into a silicon substrate layer of the silicon-on- 
insulator semiconductor wafer. 

In one embodiment, the present invention further relates to a silicon-on- 
insulator semiconductor wafer including a silicon active layer; a plurality of die pads 
formed in the silicon active layer; at least one scribe lane between and separating 
adjacent die pads; and at least one gettering plug in the at least one scribe lane, 
wherein the at least one gettering plug extends through the silicon active layer and the 
gettering plug comprises a doped fill material having a plurality of gettering sites. 

Thus, the present invention provides a method for gettering impurities into 
scribe lane gettering sites in an SOI wafer which addresses and overcomes the 
limitations of the prior art. 

Brief Description of the Drawing s 

Fig. 1 is a schematic plan view of an SOI wafer comprising a plurality of 
individual die pads separated by scribe lanes, the scribe lanes including gettering 
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plugs in accordance with the present invention. 

feg. 2 is a schematic cross-sectional view, taken along line A-A of Fig. 1 , of a 
first embodiment of a scribe lane gettering plug on an SOI wafer, in accordance with 
the present invention. 

Fig. 3 isya schematic cross-sectional view, taken along line A-A of Fig. 1 , of a 
second embodiment of a scribe lane gettering plug on an SOI wafer, in accordance 
with the present invention. 

Fig. 4 is a schematic cross-sectional view of an SOI wafer similar to that 
shown in Figs. 1-3, prior to formation of the gettering plug, including a layer of a 
photoresist for forming a cavity for a gettering plug. 

Fig. 5 is a schematic cross-sectional view of an SOI wafer, such as that shown 
in Fig. 4, following a step of etching a cavity for a gettering plug through the silicon 
layer of the SOI wafer, in accordance with the present invention. 

Fig. 6 is a schematic cross-sectional view of an SOI wafer, such as that shown 
in Figs. 4 and 5, following a step of etching a cavity through both the silicon layer and 
the dielectric insulation layer of the SOI wafer, in accordance with the present 
invention. 

Fig. 7 is a schematic cross-sectional view of an SOI wafer, such as that shown 
in Fig. 6, following a step of filling a cavity for a gettering plug with a fill material 
and a dopant, in accordance with a first embodiment of the present invention. 

Fig. 8 is a schematic cross-sectional view of an SOI wafer, such as that shown 
in Fig. 7, following a step of filling a cavity for a gettering plug with a fill material, 
during a step of implanting a dopant, in accordance a second embodiment with the 
present invention. 

Fig. 9 is a schematic cross-sectional view of an SOI wafer, following the steps 
of forming a gettering plug without a sidewall liner, in accordance with an 
embodiment of the present invention. 

Fig. 10 is a flowchart schematically illustrating process steps of the present 
invention. 
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Detailed Description 

The present invention, in a first embodiment, relates generally to a method for 
use in manufacturing an SOI semiconductor device from a silicon-on-insulator (SOI) 
wafer. In one embodiment, the SOI wafer includes a plurality of individual die pads, 
5 each of which may be fabricated into a semiconductor device. The SOI 

semiconductor device may be, for example, an integrated circuit, a memory circuit, or 
a microprocessor. The method of the present invention is particularly useful in the 
manufacturing process of semiconductor devices fabricated upon an SOI wafer, but 
may be applied to semiconductor devices on other types of wafer. 
*,;)10 As used herein, the terms "impurity" and "contaminant" are used 

at 

f ij interchangeably to refer to atoms or molecules which are not intended to be present in 

H IJ the particular semiconductor material. As used herein, an impurity does not include 

W atoms or molecules which have been intentionally added to a semiconductor material 

b and which are intended to have a function in the semiconductor material, for example, 

n 

U 1 5 as a dopant. As used herein, impurities are generally substances which may cause 

^ deleterious or unwanted effects in the performance of the semiconductor device in 

Q which such impurity may reside. An impurity is often a metal, but may be any 

U 

unwanted atoms or molecules found in the SOI wafer. 

Fig. 1 is a schematic plan view of a portion of an SOI wafer 1 00 in accordance 

20 with the present invention. The SOI wafer 100 shown in Fig. 1 comprises a silicon 

active layer 102 including a plurality of individual die pads 104. Semiconductor 
devices either have been or will be formed on each of the die pads 104. Each die pad 
104 is separated from neighboring die pads 104 by at least one scribe lane 106. The 
scribe lane 106 comprises the interstitial space between the die pads 104, and is 

25 provided for separating the die pads 104 and for other purposes known in the art. 

Because the width of the scribe lane may vary, the scribe lane 1 06 is indicated by a 
bracket in Fig. 1 . A plurality of gettering plugs 108 are formed in the scribe lane 106 
in accordance with the present invention. As described in more detail below, each of 
the gettering plugs 108 include a plurality of gettering sites, into which at least one 

30 impurity from the SOI wafer 100 may be gettered. The number of gettering sites is 

approximately equal to the number of dopant atoms which will be included in the 



- 5 - 



Docket No. F0556 



gettering plug 108. Thus, each gettering plug may comprise a number of gettering 
sites ranging from about 1x10 /cm to about 1x10 /cm , or more 

In one embodiment, the gettering plug may be in the form of a filled, elongated 
trench, rather than a plug. The gettering plugs 108 are sufficiently spaced from the die 
pads 104 to attract impurities away from the die pads 104. 

Fte. 2 shows a partial cross-sectional view of a portion of a gettering plug 108 
taken alongdine A-A in Fig. 1 . Fig. 2 shows a portion of the SOI wafer 100, including 
the silicon active layer 102, a buried oxide layer 110 and a silicon substrate 1 12. Fig. 
2 indicates by Vertical dashed lines an approximate area of a scribe lane 106. It will 
be recognized that the width of the scribe lane 106 may extend to the edge of the die 
pad 104. The SOlWafer 100 shown in Fig. 2 further includes a gettering plug 108. 
The gettering plug 1QS may be separated from the silicon active layer 102, and thereby 
from the die pads 104 and the semiconductor devices thereon, by a sidewall liner 114. 
In Fig. 2, the gettering phW 108 extends through both the silicon active layer 102 and 
through the dielectric insulation layer 1 10 of the SOI wafer 100. In one embodiment, 
the SOI wafer 100 does not include a sidewall liner. 

Fig. 3 shows a partial crbss-sectional view of a portion of a second 
embodiment of the gettering plu^vl08, taken along line A-A in Fig. 1 . Like Fig. 2, 
Fig. 3 shows a portion of the SOI wafer 100, including the silicon active layer 102, the 
buried oxide layer 1 10 and the silicon substrate 1 12. Fig. 3 indicates by vertical 
dashed lines the approximate area of the sWibe lane 106, and includes the gettering 
plug 108. The gettering plug 108 is separate^ from the silicon active layer 102, and 
thereby from the die pads 104 and the semiconductor devices thereon, by a sidewall 
liner 114. In Fig. 3, the gettering plug 108 extenaV through the silicon active layer 
102, down to but not through the dielectric insulatiofilayer 1 10 of the SOI wafer 100. 

The gettering plug 108 may be formed of a suitable fill material, e.g., 
polysilicon, doped with at least one dopant to form a plurality of gettering sites. Due 
to the microscopic size and very large number of the gettering sites, they are not 
separately shown in the figures. 

Subsequent to the steps of the present method, at an appropriate time in the 
fabrication process, the SOI wafer 100 will be cut along the scribe lanes 106 to 
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separate the individual die pads 1 04 from each other. After separation, the die pads 
1 04 will be further processed as appropriate for the designed purpose and function of 
the semiconductor devices on the die pads 104. The separation may be accomplished 
by cutting, sawing or by other means known in the art. 
5 In another embodiment, the SOI wafer 100 comprises a scribe lane 106 which 

includes a pair of parallel rows of the gettering plugs 108. In another embodiment, the 
scribe lane 106 comprises a gettering plug 108 which is extended to form a gettering 
trench. In another embodiment, the pair of parallel rows of gettering plugs 108 are 
extended to form a pair of parallel gettering trenches in the scribe lane 106. It is to be 

£3 

^{ 10 understood that while the present description refers to a gettering plug, the definition 

of the gettering plug disclosed herein is broad enough to include a round gettering 
plug, a square gettering plug, a rectangular gettering plug and an elongated rectangular 

i if 

U gettering plug which constitutes a gettering trench. 

8 The following description of the method of fabricating the gettering plugs 108 

15 formed in the scribe lane 106 refers to Fig. 10, which is a flow chart schematically 

CIS illustrating the sequential steps of the method of the present invention. Additional 

p details of the structure of the SOI wafer 100 as described above are provided as 

^ appropriate in the following description. 

The SOI Wafer 

20 The method of the present invention, in one embodiment, is applied to an SOI 

wafer 100 having at least one surface of a silicon active layer 102. The SOI wafer 100 
may be formed by any method known in the art. The method is applied to an already- 
formed SOI wafer, and thus is not limited to any particular type of SOI wafer or to 
method of forming the SOI wafer. More detailed descriptions of the methods of 

25 formation of SOI wafers may be found, for example, in Kuo, James B. and Ker-Wei 

Su, "CMOS VLSI Engineering Silicon-on-Insulator (SOI)", Kluwer Academic 
Publishers, 1998. This publication is incorporated herein by reference for its 
teachings of methods of formation of SOI wafers. In addition, although the method of 
the present invention is particularly applicable to SOI wafers and is described in terms 

30 of SOI wafers, it is not limited thereto, being generally applicable to any 

semiconductor wafer having a scribe lane between adjacent die pads. 
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The SOI wafer 100 includes a plurality of die pads 104 formed in and on the 
silicon active layer 102. It will be recognized that, although Fig. 1 shows nine die 
pads 104, the SOI wafer 100 in practice may contain a larger number of die pads 104. 
The actual number of die pads 1 04 on the SOI wafer 1 00 depends on the respective 
sizes of the wafer and the die pads, and the arrangement of the die pads on the wafer. 
Accordingly, a dashed line 100a illustrates the outer periphery of the SOI wafer 100 
shown in Fig. 1, to indicate that the SOI wafer 100 may extend beyond the structure 
shown in Fig. 1 . 

The plurality of die pads 104 may comprise various semiconductor devices 
known in the art, at various stages in the fabrication of the devices. Thus, the present 
method may be carried out prior or subsequent to fabrication of semiconductor 
devices on the die pads 104 of the SOI semiconductor wafer 100. Thus, in the 
following description, the gettering plugs 108 are fabricated in the scribe lanes 106 
after the die pads 104 have been defined, at any point during fabrication of the 
semiconductor device elements. As will be understood, the steps described below for 
forming the gettering plugs 1 08 should be carried out in the order described, whether 
before, during or after fabrication of the semiconductor devices on the die pads 104. 
Formation o f Cavity for Gettering Plug 

The first step of the present method, shown schematically in Fig. 10 as step 
SI 001, comprises forming a cavity. While any known method of cavity formation 
may be used, etching is generally the method of choice for cavity formation. The 
steps of cavity formation may include forming various mask layers and photoresist 
layers, and etching the cavity. Any method known to those of skill in the art may be 
used for cavity formation. 

The cavity formation step includes formation of a cavity at least through the 
silicon of the silicon active layer. In one embodiment, the cavity extends through the 
silicon active layer 102 down to, but not through, the dielectric insulation layer 110. 
In another embodiment, the cavity extends through both the silicon active layer 102 
and the dielectric insulation layer 110, i.e., down to the substrate 1 12. 

Some steps of a typical method of cavity formation are schematically shown in 
Figs. 4-6. Cavity formation comprises at least application of a photoresist mask 116 



Docket No. F0556 

to define cavity etch areas 1 18, as shown in Fig. 4. Prior to formation of the 

photoresist mask 1 1 6, other layers not shown in Fig. 4, such as a pad oxide and a 

nitride hard mask layer, may be formed on the surface of the silicon active layer 102, 

upon which the photoresist mask 1 16 is then formed, as will be understood by those 

5 of skill in the art. The portions of the silicon layer 1 02 (and any overlying layers) 

exposed by the cavity etch areas 1 18 in the photoresist mask 1 16 are etched, so that 

the cavity 120 penetrates down through the silicon layer 102, as shown in Fig. 5. The 

cavity 1 20 shown in Fig. 5 is one embodiment, at a point when the etching reaches the 

dielectric insulating layer 110. The etching may be stopped at this point. In another 

O 10 embodiment, after etching through the silicon layer 1 02, the etching continues into 

CO 

H| and through the underlying dielectric insulation layer 1 10 to form the cavity 120 A, 

*«j such as is shown in Fig. 6. In another embodiment, not shown, the etching may 

M{ penetrate into, but not through, the dielectric insulation layer 110. Both the cavity 120 

a and the cavity 120 A are within the scope of the present invention; however, for the 

O 

B )l 15 sake of brevity, the following describes the steps of the method with reference only to 

j* j the cavity 120A shown in Fig. 6. The remaining steps of the method applied to the 

O cavity 120 of Fig. 5 are the same as those described in relation to the cavity 120 A, the 

only difference being the depth of the cavity 120, and whether the bottom of the cavity 
106 is the dielectric insulating layer 1 10 or the substrate 112. 
20 In one embodiment, the step of forming at least one cavity in the at least one 

scribe lane includes forming the sidewall liner 1 14 in the cavity 120 or in the cavity 
120A. The sidewall liner 114 provides additional insulation between the gettering 
plug (after it is formed) and the remainder of the SOI wafer 100. The sidewall liner 
1 14 is not always necessary. When the gettering plugs in the scribe lane 106 are 
25 located a sufficient distance from the semiconductor devices on the die pads 104, the 

additional insulation provided by the sidewall liner 1 14 is not needed. Fig. 9 shows 
an embodiment similar to that of Fig. 7, in which no sidewall liner is included. 

The step of forming the sidewall liner 1 14 may be carried out by any method 
known in the art for forming such a sidewall liner. In one embodiment, the sidewall 
30 liner 1 14 is formed by a deposition method such as CVD, at a temperature in the range 

from about 250 °C to about 650 °C. In one embodiment, the sidewall liner 1 14 is 
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formed by an oxidation method such as by exposing the silicon surface of the sidewall 
to an oxygen containing atmosphere at a temperature in the range from about 700 °C 
to about 1000°C. However, such oxidation conditions may not be suitable for a wafer 
100 including some semiconductor device elements. 

In one embodiment, the sidewall liner is selected from silicon dioxide, silicon 
oxynitride, and silicon nitride. The method used should be selected taking into 
consideration the nature of the semiconductor devices on the die pads 1 04. In one 
embodiment, the sidewall liner is formed by CVD of silicon dioxide, by providing a 
source of silicon such as silane (SiH 4 ) and a source of oxygen, such as air or oxygen 
(0 2 ), at a temperature in the range from about 400 °C to about 600 °C. In an 
embodiment in which silicon oxynitride is formed by CVD, a source of silicon, a 
source of oxygen, and a source of nitrogen (e.g., ammonia, NH 3 ) are provided to a 
CVD apparatus. In an embodiment in which silicon nitride is formed by CVD, a 
source of silicon and a source of nitrogen are provided to a CVD apparatus. Any 
CVD method known in the art may be used for this deposition. In addition, other 
known methods for applying such materials may be used, and the present invention is 
not limited by any particular method for forming the sidewall liner 114. 

The sidewall liner is shown in Figs. 2, 3 and 7-9. The sidewall liner 114 may 
have a thickness in the range from about 50 A to about 2 5 00 A. In one embodiment, 
the sidewall liner 1 14 has a thickness in the range from about 100A to about 1000 A. 

The material which forms the sidewall liner 114 usually is deposited as a layer 
over the surface of the SOI wafer 100, including the upper surface of the SOI wafer 
100, the sidewalls and the bottom of the cavity 120 or 120 A. Following deposition of 
the material which forms the sidewall liner 114, the portions of the material forming a 
layer over the upper surface of the SOI wafer 100 may be removed. 
Filling the Cavity 

The present invention comprises at least two embodiments of the third step, 
shown alternatively as step SI 002, in the left path of the flow diagram of Fig. 10, and 
as steps S 1003 and SI 004, in the right path of the flow diagram of Fig. 10. Both 
embodiments result in filling the cavity to form the at least one gettering plug 108 in 
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the scribe lane 106. Formation of the gettering sites in the gettering plug 108 may 
proceed by either of two distinct process paths. 

In the first embodiment, the process of forming the gettering plug proceeds in 
a single step which includes simultaneous deposition, or codeposition, of the gettering 
5 plug material and the dopants. This single step SI 002 results in formation of both the 

gettering plug and the gettering sites within the gettering plug. This embodiment, is 
illustrated in Fig. 10 as step SI 002, on the left side of the flow path and the result of 
this step is shown in Fig. 7. Fig. 7 shows the SOI wafer 100 of Fig. 6 following 
deposition of a dopant-containing fill material 122. In this embodiment, the layer of 

C ii 

^) 10 dopant-containing fill material 122 both fills the cavity 120 A and covers the surface of 

[ jj the SOI wafer 100, as shown schematically in Fig. 7. 

"!j In the second embodiment, forming the gettering plug 108 proceeds in two 

&\ steps, shown as steps SI 003 and SI 004 in Fig. 10. As shown in Fig. 10, the first 

g deposition step SI 003 deposits the gettering plug material without dopants, and the 

\l 1 5 second doping step S 1 004 implants the dopants resulting in formation of the gettering 

p sites to form the gettering plug 108. The result of step S1003 is shown in Fig. 8, 

ul 

Q which shows the SOI wafer 100 following deposition of a non-doped fill material 124. 

Step SI 004 is also shown schematically in Fig. 8, representing the implantation of 
dopants by arrows 126. The result of step SI 004 is the same structure as that shown 
20 in Fig. 7. Consistent with the similar structures, for the purposes of the present 

invention, the dopant-containing fill material 122 resulting from step SI 002 is 
substantially equivalent to the dopant-containing fill material 122 resulting from steps 
SI 003 and SI 004. 

Fig. 9 shows an embodiment including the doped fill material 122, but not 
25 including a sidewall liner. 

In one embodiment, the material with which the cavity 1 20 A is filled is 
poly silicon, which may be doped polysilicon. While other materials may be used, 
polysilicon is the most practical and least expensive fill material, whether doped or 
undoped. Polysilicon is particularly useful for the fill material, since polysilicon 
30 constitutes a gettering material without further modification. As described below, 

including dopant ions in the polysilicon results in the formation of better gettering 
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sites, into which gettered impurities not only migrate, but which also more effectively 
trap the impurities. Ordinary polysilicon, even stressed polysilicon, does not trap 
impurities as effectively as does the doped polysilicon of the present invention. 

The step of filling the cavity may be carried out by any method known in the 
art. In an embodiment in which the fill material is either polysilicon or doped 
polysilicon, a chemical vapor deposition (CVD) method is appropriate. Various types 
of CVD are known for deposition of polysilicon. In one embodiment, polysilicon is 
deposited and the cavity 1 20 A is filled thereby by LPC VD, by thermal decomposition 
(i.e., at 580-650°C) of silane (SiH 4 ) (SI 003). This embodiment requires a subsequent 
step of implanting dopant ions (SI 004). In another embodiment, doped polysilicon is 
deposited and the cavity 1 20 A is filled thereby by LPC VD, by thermal decomposition 
(i.e., at 580-650 °C) of silane (SiH 4 ) and a dopant material, such as phosphine (PH 3 ) 
(SI 002). As is clear from the foregoing and shown in Fig. 10, when the cavity is 
filled with doped polysilicon (SI 002), a separate dopant implantation step is not 
required. 

The dopants which may be co-deposited with the polysilicon, i.e., by LPCVD, 
include phosphorus, arsenic, antimony, bismuth, boron, aluminum, gallium, indium, 
and germanium. These dopants may be co-deposited by providing a source of such 
dopants together with a source of silicon for the polysilicon. For example, when the 
dopant is phosphorus, a material such as phosphine (PH 3 ) may be provided to the 
deposition apparatus along with a source of silicon such as silane (SiH 4 ). Any 
suitable source of such dopants known in the art may be employed. 

In an alternative cavity filling step, in a first deposition step, shown as step 
SI 003 in Fig. 10, the cavity 120 A is filled with a fill material such as polysilicon to 
form the non-doped fill material 124. In a second step, shown as step SI 004 in Fig. 
10, dopant ions are implanted into the fill material 124, thereby to form the doped fill 
material 122, including a plurality of gettering sites in the nascent gettering plug. 

In the step S1003, the fill material 124 shown in Fig. 8 is applied to the surface 
of the SOI wafer 1 00, thereby filling the cavity 1 20 A and covering the surface of the 
wafer, to form the non-doped fill material 124. The fill material 124 may be applied 
by any suitable method known in the art, such as CVD. In one embodiment, the fill 
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material is applied by LPC VD. In one embodiment, the fill material 1 24 is 
polysilicon. In one embodiment, the fill material 124 is polysilicon formed by thermal 
decomposition of silane, SiH 4 , at a temperature in the range from about 400 °C to 
about 800 °C. In another embodiment, the fill material 124 may be another suitable 
material, such as gallium or germanium. 

In the doping step SI 004, ions of the dopants are implanted into the fill 
material 124 to transform the non-doped fill material 124 into the dopant-containing 
fill material 122 and to form a nascent gettering plug including plurality of gettering 
sites. The ions of the dopants atoms are implanted into the fill material 124 at an 
energy and at a dose sufficient to form the plurality of gettering sites in the nascent 
gettering plug 108. 

In Fig. 8, implantation of the inert atoms is shown schematically by arrows 
126 being directed onto the surface of the SOI wafer 100. As will be understood, the 
arrows 126, like the dopants they represent, are intended to be directed primarily to 
the location of the nascent gettering plug 108, but some portion of the dopant ions will 
strike and be implanted into the fill material 124 extending over the surface of the SOI 
wafer 100. Thus, the wafer surface-covering layer of the fill material 124 may act as a 
mask, preventing the dopants from becoming implanted in, and thereby possibly 
affecting the operation of, any other part of the semiconductor devices on the die pads 
104. Since the dopant ions are directed to the SOI wafer 100 in a collimated beam, 
the dopant ions are implanted primarily into the nascent gettering plug 108. The 
doped fill material 122 resulting from implanting dopants includes defects and 
dislocations which constitute gettering sites. 

The at least one dopant implanted in the step S 1 004 may be one or more of 
phosphorus, arsenic, antimony, bismuth, boron, aluminum, gallium, indium, helium, 
neon, argon, krypton, xenon and germanium. In one embodiment, the dopant is 
phosphorus, in one embodiment, arsenic and in one, antimony. 

In one embodiment, the dopant is implanted at an energy sufficient to form the 
gettering sites through the entire depth of the nascent gettering plug 108. Implanting 
the dopants, and forming the gettering sites at all levels of the gettering plug 108 is 
advantageous since the impurities gettered into the gettering plug 1 08 may be drawn 
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away from, e.g., the full thickness of adjacent active regions of the SOI wafer 100 and 
the semiconductor devices thereon. 

The dopants may be implanted by any implantation device known in the 
semiconductor art. The present invention is not limited to any particular form of 
5 implantation, nor to any particular implantation device. Such devices are well known 

to those of skill in the art. 

The energy of implantation may range from about 2 to about 500 KeV for 
implantation into a gettering plug having a depth in the range from about 5 00 A to 
j,j about 10000 A (1 f^m). The exact energy depends, inter alia, on the dopant, the nature 

s$ 10 and depth of the target gettering plug, the depth to which the dopant is to be implanted 

to 

f n in the gettering plug, and the number of gettering sites sought. When the dopant is a 

Jlj light element such as helium, the implantation energy may be relatively low, while 

I J still obtaining a desired depth of implantation. Conversely, a heavy element such as 

a xenon requires a significantly higher energy to obtain the same desired depth of 

CIS 

15 implantation in the same target. Persons of skill in the art can easily determine the 

implantation energy based on the desired depth of implantation, the particular dopant 
O to be implanted, and the number of gettering sites sought. 

Whether the dopant is formed by co-deposition with the fill material, or is 
implanted subsequent to deposition of the fill material, the amount of the dopant 
20 should be sufficient to obtain the number and distribution of gettering sites desired. 

Subsequent to the formation of the gettering plugs 108, the portion of the layer 
of dopant-containing fill material 122 covering the surface of the SOI wafer 100 is 
removed, such as by wet etching. In the embodiment in which the dopant ions are 
applied in a separate step SI 004, removal of the excess fill material may be delayed 
25 until after the doping step SI 004. The later removal of the excess fill material may be 

beneficial since the excess material can act as a protective mask to help prevent 
implantation of dopants into the semiconductor devices in the die pads 104. 
Gettering 

In the gettering step of the method of the present invention, illustrated 
30 schematically as step SI 005 in Fig. 10, the SOI wafer 100 is subjected to gettering 

conditions in order to getter impurities from the adjacent portions of the SOI wafer 
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100 into the gettering sites. The adjacent portions of the SOI wafer 100 may include 
the die pad 104, adjacent portions of the scribe lane 106 outside the die pad 104, and 
the area between the die pad 104 and the scribe lane 106. 

The gettering step S 1 005 of the present invention is conventional gettering, in 
which the SOI wafer 100 is subjected to temperatures in the range from about 500 °C 
to about 900 °C for periods of about 1 to about 5000 minutes, in order to cause 
impurities, such as metal ions, in the adjacent portions of the SOI wafer 100 to 
migrate into the gettering sites within the gettering plugs 108. In one embodiment, the 
gettering step is carried out at a temperature of about 600 °C. In one embodiment, the 
gettering step is carried out at a temperature of about 700 °C. In one embodiment, the 
gettering step is carried out at a temperature of less than about 800 °C. In one 
embodiment, the gettering step is carried out at a temperature in the range from about 
600°C to about 750°C. 

The exact temperature at which gettering takes place depends upon the 
impurities which are to be gettered. Since gettering is a process of moving impurity 
atoms or ions through the crystal lattice of the silicon layer 1 02, the rate at which the 
impurities move is a function of both the temperature and the solubility of the 
impurities in the silicon layer 102. Thus, the exact temperature at which gettering 
takes place depends upon the particular impurities which are desired to be gettered, as 
will be understood by those of skill in the art. Such persons can easily determine the 
exact conditions at which the desired gettering takes place. 

As will be understood, since in the present invention the gettering may be 
carried out after semiconductor devices have been completely fabricated on the SOI 
wafer 100, or when the devices have been substantially completely fabricated on the 
SOI wafer 100, the wafer cannot safely be subjected to unduly high temperatures. The 
gettering temperature is generally lower than a temperature required for crystallization 
or recrystallization of the fill material, since such temperatures may damage the 
semiconductor device. As will be further understood, as time and temperature of 
gettering are increased, the relative speed of gettering of any particular species 
generally increases. At higher temperatures, shorter times may be used, and 
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conversely, at lower temperatures, longer times may be required, in order to obtain the 
same degree of gettering of a given species. 

In the present invention, the gettering step results in the migration of impurity 
atoms or molecules into gettering sites in the gettering plug 108. In one embodiment, 
the gettering step results in the migration of impurity atoms or molecules from the die 
pad 104 into gettering sites in the gettering plug 108. The gettering sites, as is known 
in the art, include, e.g., dislocations, crystal defect sites and other irregular sites 
existing in the fill material 122 forming the gettering plug 108, which result from the 
dopant ions in the fill material 122. 

The impurities which may be gettered include metals, and particularly the 
transition metals. In one embodiment, the metals which may be gettered include 
heavy metals. In one embodiment, the metals which may be gettered include one or 
more metals such as nickel, palladium, platinum, copper, silver, gold, palladium, 
ruthenium, chromium, tantalum, iron, cobalt, tungsten, lead, zinc, tin, zirconium, 
titanium, vanadium, manganese, aluminum, niobium and tantalum. In one 
embodiment, the metallic impurities may include compounds of the foregoing metals, 
such as oxides, nitrides, sulfides or mixed compounds thereof. 

The steps summarized and shown as steps SI 001 -SI 005 in Fig. 10, and 
described above, constitute the basic steps of the method of the present invention. 
Thereafter, further processing of the semiconductor device to complete the fabrication 
process may be undertaken. 

What has been described above are certain embodiments of the present 
invention. It is, of course, not possible to describe every conceivable combination of 
components or methodologies for purposes of describing the present invention, but 
one of ordinary skill in the art will recognize that many further combinations and 
permutations of the present invention are possible. Accordingly, the present invention 
is intended to embrace all such alterations, modifications and variations that fall 
within the spirit and scope of the appended claims. 
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